On the Theory of the Moon.
I n the following paper I have given the developments which are required in the Theory of the Moon when the square of the disturbing function is retained. These expressions result from the m ultiplication of series, each consisting of many te rm s; but they are formed with great facility by means of the second Table given in my former paper on the L unar Theory.
I have not attem pted the numerical calculation of the coefficients of the ine qualities according to the method here explained, at least in the second approxi mation ; but this work, which would tend to perfect the Tables of the Moon, is a desideratum in physical astronomy. The calculations will not I think be found longer than in the method of C laira ut, nor than those which are required in several astronomical problems. The developments which I have given ought however to be verified in the first instance, although I have taken great pains to ensure their accuracy.
W ith respect to the convergence of the expressions, it may be rem arked that when the same powers of the eccentricities are retained, the results must be identical, whichever method be employed. If part of the coefficients of the terms already considered due to the higher powers of the eccentricities are sensible, it follows that other arguments must be considered in addition to those introduced by M. D am oiseau ; and conversely if the arguments which M . D a m o isea u has considered are sufficient, it is unnecessary in either method to carry the approximation beyond the fourth power of the eccentricity of the Moon, and quantities of th at order.
The method I have employed is equally advantageous in the first approxi mation. I have given in conclusion the num erical results which are obtained of the coefficients of the principal inequalities when the square of the disturb ing function is not considered, which may be regarded as an elementary Theory of the M o o n ; for the differential equations and the equations which serve to determine the coefficients retain nearly the same form in the further approxi mations.
The coefficient of the variation obtained in this m anner differs only by a few seconds from th at given by N ew to n in the third volume of the Principia; that of the erection agrees closely with the value assigned to it by M. D a m o ise a u . This latter agreem ent of course can only be looked upon as accidental.
Developments required for the integration of the equation
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Suppose (jjj) = 22 7^-r y sin (2 t + Ss = y s147 sin (2t-y) (^l ) 5 5 = ^W 0r^147 sin ^t + $ sin ^1 >7 y) = ^{ -™*147r*cos4f+ | s 147^cos2y} From the preceding values it appears that several of the quantities \ which correspond to argum ents in the longitude depending on the cubes and fourth powers of the eccentricities are of the same order as those which correspond to the arguments 1, 3, & c.: hence in order to carry the development of d R and & j j -, Sec. to the term s depending on the cubes of the eccentricities, x21, X23, X24, &c. cannot be neglected when extreme accuracy is so u g h t; and if the method which I have employed should be adopted, it will be necessary to extend very considerably the Table II . so as to embrace these quantities. The advantages of this method appear to me by no means confined to the condition of taking into account all sensible quan tities; a few lines of calcu lation suffice to obtain approximate results.
Thus neglecting the squares of the eccentricities, The coefficient of the variation thus obtained (2113" or 35' 13") agrees within three seconds with that found by N ew to n , vol. iv. p. 19, which is 35' 10". The approximation is in fact of the same order as that of N e w to n . N ew ton does not appear to have succeeded in determining the evection, the most con siderable of all the lunar inequalities after the equation of the centre. The value assigned by him to the annual equation is 11' 51" or 7 1 1 w (corresponding to e, = *0169166); he has not however given the method by which it was obtained. The equation This also coincides with the first term of the expression, Math. Tracts, p. 59; and it appears that when the square of the disturbing force is neglected, the mean motion of the perihelium of a planet is retrograde and equal to the mean motion of its node taken with a contrary sign.
The equations fore they may be included in the same inequality, either in the expression for the parallax or in th at for the mean longitude. In the elliptic theory These equations of condition are true, however far the approximation be carried; provided only, th at the arbitrary quantities e and sin / be determined so as not to contain the mass of the sun implicitly.
The determination of the coefficients of the argum ents -f-* , --f-z 9 and 2 t -2 x + 2 z will require particular attention in the numerical calculation. According to the analysis of M. P oisson (Journal de l'Ecole Poly technique, vol. viii. and Memoires de l'Acad6mie des Sciences, vol. i.) , the coefficient of the argum ent t -x z in the quantity J *d R equals zero. Conversely therefore this theorem may furnish an equation of condition between some of the coeffi cients. According to M. D amoiseau, the coefficient of this argum ent in the expression for the longitude is only 2"*05, and the argum ent 2 .r + 2 £ is insensible. The expressions which I gave, Phil. Trans. 1830, p. 334, are well adapted for finding in the theory of the moon, in which the square of the dis turbing force is so sensible, by means of the variation of the elliptic constants, the coefficient of any inequality which arises from the introduction of a small divisor, these expressions being true, however far the approximation is carried.
It may be seen in the authors themselves, or in the excellent history of phy sical astronomy by M. Gautier *, that the methods of Clairaut, D 'A lembert and E uler, do not resemble in any respect those which I have employed. Both Clairaut and D 'A lembert, by means of the differential equation of the second order in which the true longitude is the independent variable, obtained the expression for the reciprocal of the radius vector in terms of cosines of the true longitude. They substituted this value in the differential equation which de termines the time, and obtained by integration the value of the mean motion in terms of sines of the true longitude. By the reversion of series they then found the true longitude in terms of sines of the mean motion. The method Although D 'Alembert and Clairaut made use of the same differential equa tions, disguised under a different notation *, yet they did not arrive at these in the same manner, nor did they employ the same method of integration.
L aplace has pushed the approximations to a much greater extent; but his method coincides in all respects with that of Clairaut.
In the method of Clairaut, when the square of the disturbing force and the squares of the eccentricity and inclination are neglected, the equations em ployed are In order to integrate this equation, the value of in terms of must be sub stituted, which substitution is an operation by no means simple, and therefore liable to occasion error.
* The neglect by mathematicians of care in the selection of algebraical symbols is much to be re gretted. " La clarte des id6es augmente k mesure que l'on perfectionne les signes qui servent a les exprimer." I have given these equations, (which are to be found in various works *,) for the convenience of reference.
On the Planetary Theory.
In a former paper I have shown how the coefficients of the term s in the dis turbing function m ultiplied by the.cubes of the eccentricities in some particular examples may be reduced by means of some transform ations applied to the coefficients of the same function m ultiplied by the squares of the eccentricities. The form of the disturbing function thus obtained is I think simpler than that of the Mec. C61. in the terms multiplied by the cubes of the eccentricities, although the advantage obtained by these reductions is not so great as in the case of the terms multiplied by the squares of the eccentricities. I have now given the general form of the transformations required, in case any one should think it worth while to extend to the cubes of the eccentricities the general expression for the disturbing function given in the Philosophical Transactions for 1831, p. 295.
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The terms in R multiplied by the cubes of the eccentricities are equal to the preceding quantity multiplied by M ultiplying out, the coefficient of each term may be put in terms of b5,1-2, bs,i-1, bsfi, bsti jf. 1 and 65,i+ 2*
The quantities h,o, b\,\, from which all the other quantities b3, b5, &c. depend, may be obtained at once from W hen, however, that part of the inequality only is wanted which has a small coefficient in the denominator, as in the great inequality of Jupiter, the latter equation seems preferable, which thus reduces itself to 
J
The apparent difference between the value of the coefficient given by this equation and the former, (see Phil. Trans. 1831, p. 290,) arises, no doubt, from part of the expression given by the former containing implicitly the same small quantity in the num erator.
It appears from the last N um ber of the Bulletin des Sciences M ath6matiques, th at M. Cauchy, in a Memoir read before the Academy of Turin, has given " definite integrals which represent the coefficient of any given cosine in the development of JR," by which means the calculation of any given inequality depending on a high power of the eccentricity is much facilitated. P. 38, line 20, fo r retrograde, read direct.
